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. Thorax, 31, [158] [159] [160] [161] [162] [163] [164] [165] [166] . Distribution of plasma cell and other ceils containing immunoglobulin in the respiratory tract of normal man and class of immunoglobulin contained therein. The anatomical distribution of plasma cells and other cells containing immunoglobulin in the respiratory tract, and the relative proportions of the immunoglobulin classes, have been estimated on necropsy tissues from nine adult human subjects without respiratory disease, five non-smokers and four smokers, none of whom had cough or sputum. Cell counts on multiple sections stained by immunofluorescent methods for the presence of immunoglobulin were carried out on the upper trachea, main bronchus, and lower lobe bronchus.
Cells containing immunoglobulin were found mostly in the submucous glands but were also present in the lamina propria of the tracheal and bronchial epithelium. These cells were present in the greatest concentration in the main bronchus and were always present in the lobar bronchus and, in most subjects, in the upper trachea. The cells were not always present round small bronchi and bronchioles and were virtually absent from alveolar walls.
Cells containing IgA were much more numerous than those containing other immunoglobulin classes in all subjects except one, in whom IgG and IgE cells were equally numerous. Two subjects appeared to be significantly different from the rest. One nonsmoking subject had a marked deficiency of IgA cells at all sampling sites, and one smoker had a marked excess of IgA cells. In spite of these two subjects there was no significant difference between smokers and non-smokers except in the lobar bronchus where the smokers had significantly more IgA cells than the non-smokers.
Plasma cells and other cells containing immunoglobulin are plentiful in the bronchial mucous membrane. Their function is presumably related to the immunological defence of the respiratory tract and they may be the origin of much of the immunoglobulin found in bronchial secretions, in which IgA is known to predominate (Falk, Okinaka, and Siskind, 1972) ; Artenstein, Bellanti, and Buescher, 1964; Keimovitz, 1964; Remington et al., 1964; Masson, Heremans, and Prignot, 1965) and to be present in a characteristic secretory form (Tomasi et al., 1965) . Cells containing IgA and IgG have been demonstrated in the lamina propria and submucous gland of bronchial wall (Martinez-Tello, Braun, and Blanc, 1968; Tourville et al., 1969) 
RESULTS
The general appearances were as follows: Cells containing immunoglobulin were present in all sections lying between the submucous gland acini and ducts ( Fig. 1) and in the lamina propria of the bronchial epithelium, often applied closely to the bronchial basement membrane (Fig. 2) . The cells in submucous gland were vastly in the majority. Many cells were large, rounded cells with eccentric nuclei and plentiful cytoplasm resembling mature plasma cells (Fig. 3) . Others had only scanty cytoplasm and were presumably immature plasma cells or lymphocytes (Fig. 4) Fig. 6 ). In all subjects IgA cells were present in the main and lobar bronchus, but some subjects had very few cells in the upper trachea (Fig. 7) . Sections of peripheral lung demonstrated that IgA cells were to be found round small bronchi and bronchioles in the lamina propria (5-20 cells per circumferential section) in five subjects, but were absent in the other four. This difference did not appear to be related to smoking habits. The cells were virtually absent from respiratory bronchioles and alveoli. Free IgA was not demonstrated lining the walls of respiratory bronchioles or alveoli, either in washed sections or after fixation.
The IgA cell counts of two subjects lie outside two standard deviations from those of the other subjects (Fig. 7) . Subject 1 had much lower cell counts at all sampling sites. This subject had never smoked, and the IgA cells were of the small variety and were not demonstrated in small bronchi or bronchioles. Examination of a postmortem sample of serum from this subject showed IgA to be present in normal amounts (170 mg/100 ml). By contrast, subject 6 had strikingly high IgA cell counts in the main and lower lobe bronchus and strikingly low cell counts in the upper trachea. This subject, who was also unusual in having very high IgG and IgE cell counts (Tables III and V) , was a smoker and had no history of atopy; the IgA cells were of the large variety and they extended to the small bronchi and bronchioles in large numbers.
In spite of the counts from these two atypical subjects the counts for the non-smokers did not differ significantly from those of the smokers in the main bronchus or trachea but in the lobar bronchus the smokers had significantly higher IgA cell counts than the non-smokers (P<0 05) (Fig. 8) .
IgG, IgM, and IgE The mean IgG, IgM, and IgE cell counts were much lower than the IgA counts (Tables III to V) (Fig. 6 ), although one subject had as many IgG and IgE cells as IgA (subject 6). The distribution of these cells followed that of the IgA cells, but they were usually present in much smaller numbers.
Neither the age of the subjects nor the interval between death and fixation of tissues appeared to have any influence on the cell counts (Figs 9 and 10). Presumably secretory IgA has survival value having been preserved through evolution, but its contribution towards the defence of the respiratory tract against microorganisms and other potentially harmful particles is not entirely clear. Specific virus-neutralizing activity has been identified with IgA in nasal secretions Bellanti et al., 1964) , and IgA bacterial antibodies have been identified in sputum (Gump et al., 1973; Clarke, 1975) .
The presence in nasal secretions of antibody to parainfluenza A virus has been shown to protect against subsequent infections by this organism (Smith et al., 1966) . Although patients with a serum deficiency of IgA have a high incidence of respiratory infections (Ammann and Hong, 1971) , deficiency of IgA may also occur occasionally in completely healthy individuals (Rockey et al., 1964; Bachmann, 1968 (Martinez-Tello, Braun, and Blanc, 1968) , but is consistent with the estimate of local immunoglobulin production made by Deuschl and Johansson (1974) on studies of bronchial washings. The IgA cells are most concentrated in the main bronchus, less so in the lower lobe bronchus and upper trachea, are inconstantly present in the small bronchi and bronchioles, and are virtually absent from the gas exchange part of the lung. The cell counts in the upper trachea and the main and lobar bronchus are not always in proportion, and therefore counts at a single site are not necessarily representative of other sites in the bronchial tree.
Two subjects had cell counts at two or more sites which differed by more than two standard deviations from the rest, one with very few cells, the other with an excess. While these may merely represent the extremes of the normal variation, it is tempting to speculate that their immunoglobulin-producing cell populations were in abnormal states of activity. Healthy individuals with systemic deficiency of IgA have been reported (Rockey et al., 1964; Bachmann, 1968) ; but we know of no previous reports of individuals deficient in secretory IgA but with normal serum values. Whether these abnormal states were temporary or permanent, they might well have influenced the hosts' responses to infection or other environmental insult.
In this small group of subjects, the smokers had significantly higher IgA cell counts than the nonsmokers in the lower lobe bronchus but not at the other sites examined. This suggests that tobacco smoke may stimulate IgA plasma cell activity in the bronchi of subjects who have not developed chronic cough. It might be expected that this change would be more pronounced in the lobar bronchus than in more proximal sites, for studies of ventilatory function in smokers suggest that the early changes of chronic bronchitis in smokers may be more marked in the small airways (McCarthy et al., 1972; McFadden and Linden, 1972; Cochrane et al., 1974) , and pathological studies suggest that the mucous gland hypertrophy of chronic bronchitis is proportionately greater in the lobar and segmental bronchi than at other sites (Restrepo and Heard, 1963 
